Introduction
UAVs have been used for curricular development in a handful of pioneering instances [1] . Because of their external physical configuration, they are extremely interesting to students with hobbyist interests in radio-controlled aircraft, as well as to students interested in careers in the aerospace industry. Though the reality of jobs in aerospace is such that students will work on one small part of an airplane, UAVs offer the potential to introduce students to all aspects of aerospace design, in a controllable microcosm [2] , [3] .
However, UAVs offer different developmental opportunities outside the aerospace community. Notably, they are an active form, with current technology, of a sophisticated mechatronics platform, since they require autopilot technology, coupled with sensors, actuators and control surfaces [4] . Additionally, they excite the imagination of students, and drive students to new levels of self-guided learning, often at or past the periphery of their discipline [5] . Finally, with the availability of new technology for wireless communication, they create a potential platform for development of the Internet of Things -the fusion of software, hardware, mechanical and aerospace engineering [6] .
At the same time that UAVs have the potential for driving student learning, faculty are often poorly equipped to facilitate student groups wanting to design, build and fly (DBF) these devices. Faculty tend toward intense disciplinary specificity, and are often unequipped to deal with the demanding technology synergies required to, quite literally, get one of these projects off the ground. UAVs, by their very nature, are high risk failure platforms. If something goes wrong, gravity and the surface of the Earth can deliver a very pointed lesson to both students and budgets. Finally, UAVs, because of the diversity of fields that are required to be integrated to make a successful platform, almost preclude any one person from having all the knowledge necessary to build one. They require an interdisciplinary effort.
In this paper, three different UAV projects are discussed in semi-formal case study form. It is impossible to make a direct parallel contrast between the three, other than they were all student projects, and all designed and flown in the context of the university environment. It is our intent to show the results of considerably contrasting approaches to design and team management towards solving the very similar, yet open ended problem of UAV development.
Three Different UAVs -Three Different Scenarios
Three different scenarios involving student UAV development will be discussed in this paper. Two are completed scenarios, and one is a current work-in-progress. The three are:
1. UAV-1 was a demonstrator for a hydrogen-fueled, long-range UAV, built by a coalition of undergraduate and graduate students, under the supervision of the second author of this paper. 2. UAV-2 is an active project, past first flight, in further revision, to be used as a long-range tracking drone for African Painted Dogs in Zimbabwe. UAV-2 was designed solely by teams of undergraduate students under the mentorship of the first author of this paper. 3. UAV-3 is an active project, approaching first flight, associated with the Boeing AerosPACE competition. By the time this paper is presented, the UAV will have had its test flight and competition performance. The students on this project are mentored by the first and third authors of this paper.
All three platforms used variations on a standard gated design process [11] , with some level of the three main steps:
1. Specification. All UAVs were built off some version of a developed specification. Variation in customer input will be noted in the case study discussion. 
Staffing, Evidence and Boundary Conditions
Project 1 -the hydrogen-powered UAV, as part of two Ph.D. student dissertations, was documented extensively in the literature [7] , [8] , [9] . It was supervised overall by two Ph.D. students, with four additional committed undergraduates, as well as 15 other students working on the project intermittently. Project 2 and 3 were more modest in scope, and staffed only with undergraduates. Project 2 was initially staffed with 12 undergraduates for semester 1. Following the end of semester 1, 3 students remained behind to complete the airframe and move the physical manifestation to completion. The second semester crew, that saw the vehicle through to first flight, consisted of 5 students. Project 3 is currently being staffed by 11 students, at four different locations, with technical specialty subdivision being scripted early on in the development process.
Evidence of interaction for Project 1 was taken from the Ph.D. advisor's notes. For Projects 2 and 3, students used a project management software platform called Basecamp. This was reviewed. Additionally, for Project 3, a Sharepoint platform containing all organizer's directives, and technical presentations of the students was referred to.
In Project 1, supervised by the second author, and Projects 2 and 3, supervised by the first author, both professors emphasized a very 'light touch'. Further in the paper, differentiation in design process will be discussed. A core cohort in all three projects were taught the design process by the first author as well, which may help normalize the comparison. Budgets for Projects 1,2 and 3 respectively were $35,000, $6000, and $6000 USD.
As mentioned before, Project 1 was directed by two Ph.D. students, running an almost two year span. Project 2 was executed in subsequent semesters in the capstone program directed by the first author. Project 3 was executed as part of the Boeing AerosPACE program, with the first author as coach of the team as part of fulfillment of the capstone program and a technical elective.
Project Case Studies

Project 1
The Genii project, short for the Latin potentia hydrogenii (the potential of hydrogen) had the mission to be the first university to design, build, and fly a liquid hydrogen fueled unmanned aerial system. Funded $20,000 in June of 2012, the project began with an eclectic formation of students from the Washington State University (WSU) American Institute of Aeronautics and Astronautics (AIAA) student organization. The team completely self-selected and was not constrained by any course or reporting requirements. At the time, WSU and the student teams had no experience with constructing aircraft of this scale, nor a functioning wind-tunnel for prototype testing. The primary academic advisor had no experience with hobby aircraft design or construction and functioned as a role of an unskilled client for the project.
Core contributors to the project included two Ph.D. students, one with extensive remote control hobby aircraft experience, and the other with minor hobby experience but a cryogenic hydrogen storage dissertation emphasis. Four undergraduate students initially committed to the project and that number fluctuated throughout the project. Three of the undergraduates had extensive experience with hobby aircraft. In all, six students formed the core of the Genii project team with an additional ~15 sporadic contributors.
The team undertook a 12-month design/build phase due to uncertainty of team members continued involvement. The primary design constraint was the small $20,000 operating budget and the cost ($8000) and specific power of the 1 kW Horizon (H-1000) proton exchange membrane fuel cell (PEMFC). This combination of specific power allowed an airfoil (SD7037) to be selected from a subset of the glider community and sized (19 ft wingspan) for the resulting power-train. The additional constraint of portability in a pickup truck bed necessitated sectioning wing-tips and tail-boom.
A multi-solution design process was engaged after selection of the most feasible fuel-cell system. Design alternatives included dual-propellers, dual tail booms, and a plethora of airfoil, body, and landing gear configurations. A House Of Quality design matrix was utilized to down-select to a final design. Fine tuning of final design components, such as the motor and speed controller required development of custom testing rigs. Measurements from these fixtures allowed the best sub-components to be selected from among the multiple alternatives.
Genii's maiden flight, powered by traditional lithium-ion batteries, was on May 18th of 2013 for 16 minutes. A total of 11 flights through March of 2014 were completed for over three hours of flight-time. Three critical failures occurred during the flight testing: 1) an engine speed controller solder-pad cracked during take-off creating an un-recoverable spin and crash in a nearby wheat field, 2) on one particularly hot summer day the electric motor over-heated and seized causing a dead-stick landing on the runway with no other damage to the vehicle, and 3) a down-draft at the end of the runway during landing caused the vehicle to stall and strike a fence post with a wing-tip. None of the failures were terminal and in every case the vehicle was returned to flight-ready condition.
Flight testing was halted in April of 2014 due to a combination of factors. Four of the core team-members were graduating at the start of May with accepted job offers. The Federal Aviation Administration considered testing with hydrogen to be research and had not resolved regulatory requirements for allowing such testing to occur. The core liquid hydrogen storage and utilization technology received a grant to be transferred to Insitu, Inc., a wholly owned subsidiary of the Boeing Company specializing in autonomous vehicles. Hence the difficulties of transferring the in-house knowledge, regulatory burdens, and new client ended testing with the vehicle.
In total the two year project cost $20,000, not including travel expenses or voluntary shop time. The total publications for the project include five peer-reviewed journal publications [7] [8] [9] [10] [11] and two doctoral dissertations. 
Project 1 Timeline
Project 2
Project 2, a long-range UAV, was Design/Build/Fly project for tracking African Wild Dogs in Zimbabwe. Cost constraints were critical -the non-profit who approached the School of MME-Washington State University capstone design program, known as the Industrial Design Clinic (IDC), had minimal money to support the project, and the capstone clinic funded parts and materials from residual monies from industrial projects as part of the clinic's 'tithing' program, where at least 10% of revenues from paying customers would subsidize projects in the non-profit sector. As part of the class, team membership was controlled by the first author, though the process involved largely involved self-selection and project proposal by the students. The first semester, 12 mechanical engineering undergraduate seniors, 2 electrical engineering seniors, and 3 computer science seniors comprised the team that started the project. 3 ME students carried the project through the first round of construction that lasted until mid-summer. Finally, for the second semester, the original 2 EE and 3 CS students continued work (their capstone sequence is one year long.) Five new ME students commenced work on the platform, and in concert with the EE students on project, along with help from a local hobby store owner and RC expert, brought the UAV to first flight. The first author served in the role as facilitator and social bridge to the customer organization, and had no technical input into the project.
Core contributors included the 17 total ME students, spread over two semester, one with extensive hobby RC/UAV experience, 3 EE students, 2 CS students, and a somewhat fluid team of mentor/customers. This team evolved as the project progressed, and included one software expert, and one microelectronics hardware expert, whose primary roles were development of a new tracking collar for the African Wild Dogs on the ground, as well as the airborne payload that will allow detection and flight path modification of the UAS during flight. One senior engineer from a printer company served as the primary ME mentor, and his role was supplemented by two other younger engineers from the same company with alumni connections -one in EE and one in CS. Finally, in the second semester, a senior engineer in charge of designing one of the USAF's primary UAS (also an alum) joined the mentoring team. Even though, by the end of the project, a powerful cadre of professionals had joined the effort, students did all of the work and implementation.
The current effort that led to first flight was a 12-month design/build/fly effort. The primary design constraints were the long-range aspect of the flight performance of the UAV (80 miles) and the necessity of building the platform around a gasoline engine, which brings much more complex weight and balance dynamics into the equation. The UAV still must undergo more engineering for robustness, as the system must be maintainable and reconstructable in Zimbabwe.
Several airframes were reviewed, and much effort at the preliminary design phase was put into motor selection. A House of Quality was generated by the first group that initiated the design process. Customer input from the original software and hardware engineers, as well as the non-profit client representative were gathered during a visit by the client to the IDC at WSU. A final configuration was chosen that closely resembled the commercial airframe known as the Penguin B UAV platform, manufactured by the UAV Factory. A pusher motor configuration, coupled with an inverted V-tail, and a significant payload capacity, drove the decision to select this airframe.
As of the time of this writing, Project 2 had one successful RC-controlled flight for five minutes as part of the flight test process. The UAS was functionally complete, and was flown by the expert pilot (the hobby store owner) as part of a choreographed test regime. Because the first flight occurred at the beginning of December, further testing must wait for better weather. Though the first flight was under ground control, the wiring used to actuate servos and control the aircraft was completed for drop-in of the autopilot, including servo mixing for the inverted V-Tail.
The project will continue under a new group of 7 ME students, and 2 EE students, with the same mentor support network. Key issues moving forward are a reliability analysis and redesign, as well as a candid assessment of the feasibility of operating a gasolinepowered UAV in Zimbabwe. Though the client desires the range, the realities of operation in a Developing World country may proscribe some of the operational demands.
The total cost of the project to date is ~ $6K, not including travel expenses for mentors for the students. This is the first publication that reviews this project's performance. 
Project 3
The Wheathawk project is one of the inter-university teams participating in the Boeing AerosPACE Design/Build/Fly competition. Competition and termination of the effort will happen late April, when students will assemble at Paine Field, in Everett, WA, to compete as one of five teams in a fly-off against well-specified mission plans that teams developed themselves and proposed to a review panel as part of the system development process. The team was assembled by the primary sponsoring university, though that university relied on recruitment of team members for the virtual teams on local faculty participants. All teams follow a two-semester long, gated design process that is a NASA process and a microcosm of Boeing's own flight development gates. Unlike the two previous projects, there are extensive knowledge resources and experience in the broader community for resolution of technical issues. Boeing personnel are connected to the project through a primary liaison in Boeing's internal education division, and all students that participate in the project are required to attend a series of remotely-delivered lectures on the various technical and social aspects of coordinating the design of a UAV. Teams are assigned across multiple universities (usually three) and teams are required to communicate over the Internet using software like Skype for Business for conducting coordination activities related to UAV design and construction. A relatively rigid schedule must be maintained by all teams in order to participate in the effort, and reports, presented in the online venue, are graded with a rubric generated and evolved through the history of the project, which has been running four years.
The two semester capstone has four virtual meeting, concept review, preliminary design review, critical design review and manufacturing readiness review (see below -- Figure  1 ). The program leverages a Khan Academy (flipped classroom) lecture -lab approach, this includes mini lectures by industry and faculty experts that are mapped to the product lifecycle.
Core contributors to the project include the 11 students assigned to the project, from three universities. No students on the 11 person team possessed extensive UAV or R/C building experience. All students are receiving a combination of capstone completion, with some of the students also receiving technical elective credit. Disciplines were spread out across mechanical, aerospace and composites engineering students. First flight of the designed aircraft is supposed to take place at the end of March, 2016, as this paper goes to press. The project started with a kick-off meeting between all participants on the West coast at the host/organizing university. After the initial workshop, the team has so far undertaken an extensive specification, preliminary down-select, and scheduling process, with review from all professors participating in the program. The primary design constraints were three: the system had to be hand-launched; had to fulfill a potential customer mission; and the build cost was not to exceed $5000. The final design configuration was a very standard tractor airframe with a single tail, designed for portability to the competition. A House of Quality was developed for the UAV, and a customer visit scheduled -in this case with a cattle rancher willing to work with the students for creation of a cow-tracking UAV. Motor selection was limited to two models, both electric, and range was not a primary constraint. After the competition, it is unclear if the students involved will further pursue the design for commercialization.
Currently, students are fabricating the UAV in one of the composites construction specialty programs associated with Everett Community College, who are on the virtual team. This composites specialty program possesses great technical skill in fabrication, and preliminary prototypes show a much higher level of fit and finish than either Project 1 or Project 2. 
Observations and Insights
The individual complexity of all of the interactions involved with development of all three of these platforms would be a book in itself. In the following discussion, the authors will attempt to provide some insight on what worked, as well as what could use improvement, through contrast of the three projects.
Individual Team Member and Group Composition Dynamics
Project 1
Not surprisingly, Project 1's team membership might be described as a 'Dream Team.' Motivated Ph.D. students, with a combination of strong technical expertise, as well as past, hands-on experience building and flying R/C aircraft, and buttressed by a participatory faculty member, created a tested solution that maximized both reliability and validity. What do these terms imply? In Martin's book on Design Thinking, The Design of Business, [12] he develops an argument of the difficulty in creating solutions that are both reliable -function as intended; and also valid -solve the problem. Reliability comes as the effect of an iterative process, something allowed by the time scale of the project -Project 1 was active over the course of the Ph.D. students' tenure at Washington State University. Validity comes from a profound relationship with the customer -in this case, the students' Ph.D. advisor and second author of this paper. This trade-off is discussed in-depth elsewhere [13] . Not surprisingly, with the staffing considered, algorithmically trained Ph.Ds, in a free-association, positive attitude collaborative environment came up with a novel solution that fulfilled most of the project goals. The only real impediment to total project success became the regulatory environment.
Team structure was mostly fluid, with the two Ph.D. students sharing primary development and coordination duties. This allowed free exchange among all parties, and a very positive 'can do' attitude largely considered highly professional that led to team success. No personnel or team conflicts between team members ever escalated to the point of awareness by the faculty member throughout the two year project duration. Even the three vehicle failures were aggressively diagnosed in what some team members likened to a National Traffic Safety Board (NTSB) investigation. Through a high-level of inter-team member personal agency, protocols, pre-and post-flight checklists were developed by the team members and rigorously adhered to during testing events. The level of team-member coordination during flights was extremely high, including protocol for line-of-sight observations including zoom-photography of vehicle performance in comparison with real-time telemetry station monitoring.
The student protocols and connectivity were essential to navigating the second critical failure when the electric motor overheated at the highest elevation ~400 ft of the allowable flight envelope. A failure of this type, total motor shut-down during a steady glide in flight at max altitude but maintaining control over vehicle flaps, could not have been anticipated by the team. A recovery plan had to be improvised in a matter of seconds over the team's radio hand-sets to a navigator standing next to the pilot with dual-joystick control. Though the original dialogue was not recorded, the process was essentially:
1. Telemetry station notified pilot of total motor shutdown and asked if it was intentional. 2. Pilot confirmed it was not intentional and an abort landing was necessary and requested speed and altitude read-outs. 3. Telemetry began listing altitude and speed readings to pilot. 4. Pilot informs telemetry that he is flying away from the runway to execute a slow drag-decent to minimize speed on landing. 5. Telemetry begins listing distance to runway in addition to elevation. Provides estimates on when to begin and the speed of the turn to prevent stall. 6. Pilot begins to execute a gradual turn at the limit of eyesight to bring the plane in for the final landing attempt. (note that he is still relying on telemetry readouts for speed and angle of turn due to the plane being roughly ¼ mile away from the landing strip) 7. Telemetry provides updates on speed relative to max before pilot sets the plane down on the runway with zero damage to the platform. This level of improvisation in as stressful of a situation as projects get, is likely only possible from a team relying on intrinsic, trust-based relationships with thorough mastery of the defined roles and protocols. 
Project 2
Project 2's entirely undergraduate team were more uneven in performance. Students had, in general, reasonable motivation to complete the project, and some students had truly exceptional motivation (~25%). However, their lack of technical knowledge impeded a more linear progression through the project. Obstacles then drove the primary supervisor (the first author) to recruit more, and diverse outside technical mentors to the project to make up for technical deficiencies in his background.
The first semester's group of 12 students, outside the one student with prior R/C UAV experience, had few construction skills as well. As a result, the UAV, though ostensibly flight-ready by the end of June, 2015, had several construction flaws that were accidentally uncovered with the Fall 2015 students assumed responsibility for the project. Transfer documentation consisted primarily of the Basecamp account, as well as the final report, and these were found wanting for particular detail. The most revelatory moment came when students were loading the UAV for the first round of taxi tests, and one of the students tripped and fell onto one of the twin tail booms, breaking both the boom, part of the fuselage, and one of the rear landing gear. The students viewed this as catastrophic, but the reality was that the structural inventory that followed was critical for later success. Poor adhesive choices, and a leaky gasoline tank had led to structural failure of the adhesives used to cement the bulkheads inside the primary fuselage. The accident forced a major revision of structural fasteners, a structural analysis of the landing gear, and a reconstruction of the V-tail that led to the successful first flight. Project 2's student groups had official duties as part of their task assignment. The first semester's 12 students were grouped into four different groups: propulsion, lift/aerodynamics, airframe/composites, and payload. There was no designated group leader, but there was a group coordinator. Students made all decisions about task assignment. As was mentioned earlier, three students stayed on after the first semester and continued working on the project, with one carrying their commitment through June 30, 2015.
The second semester's ME students had no formal organization, and tended to gang up on tasks designed to get the UAV to first flight. Parallels to "scrum" organizational techniques [14] could be drawn, with students following the various stages of scrum organization -including planning, reviews and sprints -in a generally unplanned, emergent fashion revolving around attempts to get the UAV to first flight in the available weather windows. There were times, before much relational development had occurred, that the first author noted the behavior of the team as being "more akin to a swarm of angry bees." This led to uncertainty about eventual success in the mentor community, but culminated in a first flight of a very sophisticated platform -a UAV with ailerons, flaps, a servo-mixed V-tail, and both long range and large payload capacity.
Not surprisingly, when it came to reliability, the lack of technical expertise caused numerous failures and false starts along the path toward completion. It should be noted, however, that the fundamental development heuristic that evolved to create the aircraft, which involved a tremendous amount of goal-seeking behavior among all involved, led to the very rapid development of a valid solution to the customer requirements. It is anticipated that the next round of development, including test flights of the current platform, will fuel reliability, and coupled with a customer training program, deliver a usable system to Zimbabwe to track African Wild Dogs.
Project 3 Aerospace Partners for the Advancement of Collaborative Engineering (AerosPACE).
Project 3's team composition consisted of three groups of students, spread across four campuses, and teamed virtually through a Sharepoint site, online interactive lectures, and the first author as coach. Team selection was done by the primary campus organizer, and students had no input on who their teammates would be a priori. A kick-off meeting was held at the host organizer's campus, and students not at that university were flown to the site, where they participated in a series of kick-off instructional sessions, including one extended brainstorming session for mission ideas for their UAV.
Individual responsibilities and technical assignments were made early in the process, with each member being assigned to a group, such as Weights and Balances, Aerodynamics, Autopilot Programming, etc. Formal lectures on each of these topics were given by the collaborating professors, and as these lectures had been delivered multiple times, they
Comment [mcr1]:
The two semester capstone has four virtual meeting, concept review, preliminary design review, critical design review and manufacturing readiness review (see below). In addition, we have a f2f kick-off in September and f2f flight testing in April. We leverage a Khan Academy (flipped classroom) lecturelab approach, this includes mini lectures by industry and faculty experts that are mapped to the product lifecycle.
were refined presentations and targeted at the problems students might encounter in the technical development of each of their specific areas. Students were then expected to do particular assignments, leading to milestones that had been laid out in the gated design process. Work was reviewed in team presentations, which were developed with students having access to the grading rubric (Project 3 was the only project that was formally graded, and not Pass/Fail.)
The result of the effort, though still incomplete, was an extremely reliable, predictable path toward developing a UAV by the students. Though there were some disagreements between the students about work being accomplished, there was also relatively calibrated performance on each of the tasks. Some disagreements and behaviors led to the first author to implement a phone-calling protocol between team members -students were reluctant to contact other students on other campuses -and this facilitated some improved coordination.
However, other incentives in the program worked against team members developing a strong customer ethic, and thus worked against students maximizing validity. Only one student out of the group of eleven visited the customer that gave the team its missiontracking range cattle from the air. The customer additionally made many demands that the students realized were impossible to meet with the temporal and monetary resources available. So while students had some level of receptivity to dealing with customer input, the reality quickly became evident to the students that, in order to be successful, they had to manage their UAV to the designated process, as opposed to focusing as much on creativity and potential innovation. Grading through a rubric constrained behavior on an even finer scale, which led to homogeneity in decisionmaking across other groups participating in the program.
The students involved are now only assembling their UAVs, with first flight while this article goes to press. It is likely that more unexpected events will occur, and opportunities for more independently developed problem-solving heuristics will present themselves. Not surprisingly, having more expert knowledge available definitely prevents more false starts and situations where students have to reach more deeply to develop solutions. The overall quality of documentation of the process is much higher as well. Students work off prior art and refined templates, so the correct data is displayed that conveys the technical content much more clearly than Projects 1 and 2. One of the primary goals of the AerosPACE program is to deliver a complete experience regarding aircraft design, and shaping the efforts into a microcosm does just that. Figure 3 shows an internal composition of the final UAV.
However, the more linear format associated with the AerosPACE process was not without its drawbacks. While the expert-led, EdX-reinforced methodology teaches more solid fundamentals more quickly, it also prevents larger metacognitive awarenessknowing what one doesn't know, or being aware of unknown regions within the design space for small UAVs. With fewer unexpected events occurring, much less exploration also occurs, and there are fewer creative decisions required to be made.
Conclusions
Some important commonalities happened in all three groups.
1. Students all had an excellent experience that challenged them to apply different aspects of their prior engineering education. All three students were exposed to some level of cross-disciplinary collaboration. 2. Students had to master, in varying levels, the technical information required to build a flying, autonomous platform. How they learned that material varied from group to group -some experimentally through failure, some as part of a rigorous program. No group could avoid learning the fundamentals of flight mechanics and build a successful UAV. 3. All three projects required the recruitment of technical expertise from outside mentors. The more formal programs (Projects 1 and 3) did a better job anticipating what knowledge would be needed and supplied experts earlier on in the design process. Project 1 (Genii) was not scaffolded as nearly as well as Project 3 (Wheathawk) -but the experts who were engaged in the process a priori knew all the fundamental challenges that would have to be confronted. The demands for technology in Project 2 promoted a more exploratory, Just-In-Time approach, and could be argued gave a more profound experience in self-education than either Projects 1 or 3.
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Chuck, I argue that since I new nothing about UAVS and provided nearly no guidance to the project that my project was not formal or scaffolded at all. I'm not sure you want to make this comparison.
Some important differences also occurred between the groups.
1. Project 1, although initiated on a one year timeline ended up with a longer timeline in the end, and a more cohesive, self-selected group a priori. Their level of friendship and empathetic connection kept social discord low and the project on track. 2. Project 2 had points on the timeline where there were very real questions about future success. One of the major concerns that grew larger as the project continued was complexity management. It became clear that the project was much more technically sophisticated than apprised by the first author a priori. Fortunately, the combination of the students pulling together, along with recruitment of subject matter experts, led to a path for mission success. 3. Project 3 showed the real benefits of having a pipelined process designed to teach students particular analysis methods, coupled with formal instruction on individual aspects of UAV construction. Separation distance between the individual group members has not proven to be an issue as far as group cohesion -students are used to working in a networked digital environment. The more formal structuring of the design process, has created more work mismatches and timing difficulties, as students, already assigned formal roles, have less incentive to cross over and help other students on the same project with contemporaneous challenges. With the current system, it is very difficult to get students to exhibit scrum behavior, which is often required to get a prototype off the ground. Finally, customer weighting was weakest in this project, compared to the other two. The preliminary result seems to be a lack of differentiation in platform from other student groups competing in the same program.
Improvements
There are a number of improvements that could be applied across the board to all three types of efforts. These are:
1. Detecting and monitoring team and individual issues should be a key faculty focus. 2. Providing training on effective teamwork and resolving team problems can also accelerate team performance. It is important to realize that faculty may not be adequately equipped to help; they should tap into other faculty and industry experts. 3. Continue to explore data analytics to provide early warnings of problems, student engagement with on-line content, performance curves and social networking chatter can lead to greater insights as far as large projects are concerned. Making these easier to gather needs to be emphasized in education research. 4. For Project 3, establishing universal grading policies across faculty institutions, making those policies clear to students, and getting universal faculty buy-in to adhere to them would enhance program cohesion.
5. For multi-institution programs like Project 3, if the program timeline allows, students can gain an even wider range of team-based experiences by participating in multiple teams.
